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for immunization. The screening metliod depends on the an- 
tigen being used. For soluble antigens, the usual technique is 
.RIA or ELISA; and for ceil surface antigens, a variety of as- 
says for antibody binding to viable cells can be used (see 
laboratory Uses of Antibodies in this chapter). Once 
positive wells are identified (i.e., wells containing hybrid- 
. pmas producing the desired antibody), the cells are cloned 
in semisolid agar or by limiting dilution, and clones produc- 
ing the antibody are isolated' by another round of screening. 
: J'Fhese cipned hybrid omas produce monoclonal antibodies of 
1. 4 :desired Hybridomas can be grown in large Voi- 

- : uines or as ascitic tumors in syngeneic tnice in order ' to 
. produce large quantities of monoclonal antibodies. 
":l Two featured of this somatic cell hybridisation make at 
1; extremely valuable. First, it is the best method for producing 
,^^mbrioclpn4 antibody against a , known ^tigenic determi- 
.5f>|naht: Sjecpnd.vit can be used -to identify 'unknown antigens 
V/^presierit in a rnijcture because each hybridbma is specific for 
;^. ;oniy one antigenic determinant, For instance, if several hy- 
.lci3ridbmas are ^produced that secrete antibodies that bind to. 
; hthe surface of a particular cell^ each hybridoma clone >viil 
;'t^^#crete an antibody specific for only ohfe surface, antigenic 
■:rSie^^ monocidnal antibodies csih then be used 

;t^'^purify different cell su rfacfe molecules, some of whi cH ihay 
vb^e known nriplecules and - others .that may not - have, been 
^:^adfentified^p Some ofahe commonest applications 6f 

hybridomas* and monoclonal ahtibodies include the foilow- 

'j f 'Identification ; bf - phenotypic markerjs tiniqui5 ^to fiarticii- 
V^.- ; lar ceil t^peis^ basisffor the modern- classification of 
* - lymphocytes and niorionuclear phagocytes is the bind: 
; . ing of population-specific monoclonal antibodies. These 
. > \V ' have: been used to define "clusters of differentiation" for 
various cd Chapter 2),'^ .'^.V ; • . : i > 

. ;(5) Irnniiiripdiagnosis. The diagnosis of hiany infectious attid 
' systemic'diseases relies upon the detection of specific 
> . - • antigens and/or antibodies in the circulation or in tis- 
' ■ " ■ sues, using monoclonal antibodies in Immunoassays. - 
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(3) Tumor diagnosis and therapy.; Tumor-specific monoclo- 
nal antibodies are used for detection of tumors by im- 
aging techniques and for immunotherapy of tumors in 
vivo. : 

(4) Functional analysis of cell surf^ice and secreted mole- 
cules. In immunologic research, monoclonal antibodies 
that bind to ceil surface molecules and either stimulate 
or inhibit particular cellular functions are invcduable 
tools for defining the functions of surface molecules, - 
including receptors for antigens. Antibodies ' that neu- , 
tralize cytokines are routineiy;used for detecting the^^^ 
presence and functional rotes of these protein hor- V' 

. mones m y;7ro and m y/f;o.^ . V ; V 

At present, hybridomas are most often produced by fus-: : 
ing HAT-sensitiye mouse myelornast.with B cells from immu^i 
nized . mi ce; rats, or . hamsters . The;;Sarhe , pri ncipie.;is used tor " 
generate / mouse T cell* hybridomas ^ by f using T cells with a ■ 
HAT-sensitive, T cell-derived tumor line; uses of .siich mono- ; ; 
clonal T cell populations are described in Chapter 7. At- , 
:tempts are being made ^ to generate human monoclonal , 
antibodies, primarily^ for administratiph to, patients, by devel- 
oping :human myeloma Jines as fusion partners, -(It is a gen- 
erai riile ^ that the istability of Hybrids is low if" cells from * 
species that are far apart in evolution are fused, and this is 
; presumably why huntan B cells .do not form hybridomas ' 
with mouse myeloma lines at. high efficiency.) As we shall - 
discuss later in the chapter, only sinail, portions of the anti-. : 
body piplecule are responsible for' binding to . .antigen; the 
remainder, of the anybody, molecuje can be thoiijght of as a 
"framework," • This sttuctural organization, allows the DNA 
segments encoding the antigen-binding sites frdni a murine 
moriocionai antibody to be "stitched" into a complementary 
DNA encoding a huriian myeloma protein, creating a' hybrid 
gene. :When expressed, the resultant hybrid proteih,. which 
retains antigen specificity, is referred to as a "humanized 
antibodyi" Humanized antibodies offer an alternative strategy 
for generating monoclonal antibodies that may be safely ad- 
ministered to patients. 



When blood or plasma forms a clot, antibodies 
remain in the residual fluid, called serum. A sam- 
ple of serum that contains a large number of anti- 
body molecules that bind to a particular antigen is 
commonly called an antiserum. (The study of anti- 
bodies and their reactions with antigens is there- 
fore classically called serology.) The number of 
antibody molecules in a serum specific for a partic- 
ular antigen is often measured by serially diluting 
the serum until binding can no longer be observed; 
sera with a large number of antibody molecules 
specific for a particular antigen are said to be 
"strong" or have a "high titer." 

Plasma or serum glycoproteins are tradition- 
ally separated by solubility characteristics into al- 
bumins and globulins and may be further sepa- 
rated by migration in an electric field, a process 
called electrophoresis. Elvin Kabat and colleagues 
demonstrated that most antibodies are found in 
the third fastest migrating group of globulins, 
named gamma globulins for the third letter of the 
Greek alphabet. Another common name for anti- 
body is immunoglobulin (Ig), referring to the im- 
munity-conferring portion of the gamma globulin 
fraction. The terms immunoglobulin and antibody 
are used Interchangeably throughout this book. 



Currently, antibody molecules are generally 
purified from plasma or other natural fluids by a 
two-step procedure. The first step is to precipitate 
antibodies from the biologic fluid by adding a con- 
centration of ammonium sulfate that ranges from 
40 to 50 per cent of saturation. Under these condi- 
tions, albumin and most small molecules remain in 
solution, so that partially purified antibody can be 
collected in a pellet by centrifugation. The anti- 
body-containing pellet is redissolved in buffer and 
then purified by various forms of chromatography 
(the second step). When the antibody of interest in 
the biologic fluid is specific for a known antigen, 
the antigen can be immobilized on a column ma- 
trix and used to bind the antibody, a method 
called affinity chromatography. Antibody can be re- 
covered from the column matrix by a change in pH. 



Overview of Antibody Structure 

A number of the structural and functional fea- 
tures of antibodies were determined from the early 
studies of these molecules: 

1. All antibody molecules are similar in overall 
structure, accounting for certain common physico- 
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chemical features, such as charge and solubility. 
These common properties may be exploited as a 
basis for the purification of antibody molecules 
from fluids such as blood. All antibodies have a 
common core structure of two identical light chains 
(each about 24 kilodaltons fkDJ) and two identical 
heavy chains (about 55 or 70 kD) (Fig, 3-1). One 
light chain is attached to each heavy chain, and 
the two heavy chains are attached to each other. 
Both the light chains and the heavy chains contain 
a series of repeating, homologous units, each 
about 110 amino acid residues in length, which 
fold independently in a common globular motif, 
called an immunoglobulin domain (Fig. 3-2). AH 
Ig domains contain two layers of j8-pleated sheet 
with three or four strands of antiparallel polypep- 
tide chain. Certain Ig domains, such as those com- 
prising variable regions (see later), have an extra 
strand in each of the two layers. As will be dis- 
cussed in Chapter 7, many other proteins of impor- 
tance in the immune system contain regions that 
use the same folding motif and show structural 
relatedness to Ig amino acid sequences. All mole- 
cules that contain this motif are said to belong to 
the Ig superfamily, and all of the gene segments 
encoding the Ig-Iike domains are believed to have 



evolved from the same common ancestral eene 
(see Chapter 7, Box 7-2). 

2, Despite their overall similarity, antibody 
molecules can be readily divided into a small num- 
ber of distinct classes and subclasses, based on mi- 
nor differences in physicochemical characteristics 
such as size, charge, and solubility and on their be- 
havior as antigens (Box 3-2). The classes of anti- 
body molecules are also called isotypes and in hu- 
mans are named IgA, IgD, IgE, IgG, and IgM (Table 
3-1). IgA and IgG isotypes can be further 
subdivided into closely related subclasses, or sub- 
types, called IgAl and lgA2, and IgGl, lgG2, IgG3, 
and lgG4, respectively. In certain instances, it will 
be convenient to refer to studies of mouse anti- 
body. Mice have the same general isotypes as hu- 
mans, but the IgG isotype is divided into the IgGl, 
IgG2a, IgG2b, and IgG3 subclasses. The heavy 
chains of all antibody molecules of an isotype or 
subtype share extensive regions of amino acid se- 
quence identity but differ from antibodies belong- 
ing to other isotypes or subtypes. Heavy chains 
are designated by the letter of the Greek alphabet 
corresponding to the overall isotype of the anti- 
body: IgAl contains al heavy chains; IgA2, a2; IgD, 
S; IgE, 6; IgGl, yl; IgG2, y2; IgG3, yS, IgG4, y4; and 
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FIGURE 3-1. Schematic dia- 
gram of an immunoglobulin 
Og) molecule. In this drawing of 
an IgG molecule, the antigen- 
binding sites are formed by the 
juxtaposition of Vl and Vh do- 
mains. The locations of comple- 
ment and Fc receptor-binding 
sites within the heavy chain 
constant regions are approxima- 
tions. S — S refers to intrachain 
and interchain disulfide bonds; 
N and C refer to amino and car- 
boxy termini of the polypeptide 
chains, respectively. 
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FIGURE 3-2. Polypeptide folding into immunoglobulin (Ig) domains in a human antibody light chain. The V and C regions each 
independently fold into Ig domains. The white arrows represent polypeptide arranged in jS-pleated sheets, the dark blue bars are 
intrachain disulfide bonds, and the numbers indicate the positions of amino acid residues counting from the amino (N) terminus. The 
CDRl, CDR2, and CDR3 loops of the V region, colored in light blue, are brought together to form the antigen-binding surface of the 
light chain. (Adapted with permission from Edmundson, A. B., K. R. Ely, E. E. Abola, M. Schiffer, and N. Panagiotopoulos. Rotational 
allostery and divergent evolution of domains in immunoglobulin light chains. Biochemistry 14:3953-3961, 1975. Copyright 1975, 
American Chemical Society.) 



IgM, fi. The shared regions of heavy chain amino 
acid sequences are responsible for both the com- 
mon physicochemical properties and the common 
antigenic properties of antibodies of the same iso- 
type. In addition, the shared regions of the heavy 
chains provide members of each isotype with com- 
mon abilities to bind to certain cell surface recep- 
tors or to other macromolecules like complement 
and thereby activate particular immune effector 
functions. Thus, the separation of antibody mole- 
cules into isotypes and subtypes on the basis of 
common structural features also separates anti- 
bodies according to which set of effector functions 



they commonly activate. In other words, different 
effector functions of antibodies are mediated by dis- 
tinct isotypes and subtypes. As we shall see later, 
there are two isotypes of antibody light chains, 
called K and A. The light chains do not mediate or 
influence the effector functions of antibodies. How- 
ever, as we shall discuss shortly, both the heavy 
and light chains contribute to specific antigen rec- 
ognition. 

3. There are more than I X 10^, and perhaps as 
many as structurally different antibody molecules 
in every individual, each with unique amino acid 



TABLE 3-1. Human Antibody Isotypes* 



Antibody 


Subtypes 


H Chain 
(Designation) 


H Chain 
Domains 
(Number) 


Hinge 


Tail Piece 


Serum 
Concentration 
(mg/raJ) 


Secretory 
Form 


Molecular Size 
of Secretory Form (kD) 


IgA 


IgAl 


a\ 


A 


Yes 


Yes 


3 


Monomer, dimer, trimer 


150, 300, or 400 




lgA2 


a2 


4 


Yes 


Yes 


0.5 


Monomer, dimer, trimer 


150. 300, or 400 


IgD 


None 


S 


4 


Yes 


Yes 


Trace 




180 




None 


e 


5 


No 


No 


Trace 


Monomer 


190 


IgG 


IgGl 


yi 


4 


Yes 


No 


9 


Monomer 


150 




lgG2 


r2 


4 


Yes 


No 


3 


Monomer 


150 




lgG3 


y3 


4 


Yes 


No 


1 


Monomer 


150 




lgG4 


r» 


4 


Yes 


No 


0.5 


Monomer 


150 


IgM 


None 




5 


No 


Yes 


1.5 


Pentamer 


950 



*Multimeric forms of IgA and IgM are associated with J chain via the tail piece region of the heavy chain. IgA in mucus is also 

associated with secretory piece. 
Abbreviations: Ig, immunoglobulin; kD, kilodalton. 



